Introduction
The study area is located north of the town of Ilgın (Konya Province) in the Afyon-Bolkardağ Zone (ABZ) (Figure 1 ). The geology, petrography, geochemistry, and K-Ar ages of the metamorphic rocks of the Ilgın area in the ABZ were described in detail by Özdamar et al. (2012) . These rocks have various degrees of weathering features.
Weathering is the breakdown of rocks and minerals at and below the earth's surface by physical and chemical processes. The reaction of various agents with rocks and weathering processes are shown by changes in the mineralogical, chemical, physical, and mechanical properties and grain size, or alteration in the weathered material compared to the fresh rock. The changes produced in the fresh rock by weathering can be ascribed to partial or complete decomposition of some minerals, the stability of other minerals, the oxidation of ferrous (Fe 2+ ) to ferric (Fe 3+ ) iron, and the partial or complete mobilisation of both major and minor chemical elements (Carroll 1970) . Consequently, the weight changes in rock by weathering and alteration processes are reflected as changes in physical and mechanical properties of rocks. These changes can be measured and the discrete effects of weathering or chemical alteration, or both, may be explained with conventional methods for engineering purposes (i.e. Bell 1994) . Two of the useful tools in determining the final rock condition are "point rock change value" (RCV p ) and "point rock change ratio" (RCR p ), proposed by Bozkurtoğlu (2003) and Bozkurtoğlu et al. (2006) . RCV p represents the final physical, chemical, mineralogical, petrological, and mechanical conditions of rocks. RCV p values range from 1 to 0, where the rock condition goes from fresh to fully altered. RCR p is the rock change ratio related to RCV p values.
This study focuses on the examination of physical, mechanical, chemical, and mineralogical properties of weathered rocks in the Ilgın (Konya) area. The results allow us to predict the full change in rocks by weathering in metarhyolites in the Ilgın area using RCV p and RCR p with K-Ar age values, and this is the first study comparing these values.
The metarhyolites have 66%-77% SiO 2 , 12%-18% Al 2 O 3 , 5.8%-10.7% K 2 O, 0.07%-1.77% Na 2 O, 0.1%-1.1% MgO, and <1% CaO, and they plot in the rhyolite, comenditepantellerite, or rhyodacite-dacite fields in the SiO 2 vs. Zr/TiO 2 diagram of Winchester & Floyd (1977) (Figure  3 ). Moreover, all samples except one are subalkaline in character (Figure 4 ) based on the classification of Irvine & Baragar (1971) .
The K-Ar ages obtained from the whole-rock samples of metarhyolites are 60.4 ± 0.9 Ma, 62.6 ± 0.9 Ma, and 64.01 ± 2.0 Ma (Özdamar et al. 2012) . The Ar-Ar phengite ages of the metarhyolites are 63.73 ± 0.06 Ma and 62.64 ± 0.12 Ma, and U-Pb zircon ages of the metarhyolites are 230 ± 2 Ma and 229 ± 2 Ma (Özdamar 2011).
Method for generating RCV p and RCR p
Specific gravity (g s ) is a critical measure of rock weathering and alteration (Browne 1998) . This is measured by using a pycnometer and can be calculated from the phase diagrams of soil and rock. The ratio of measured values versus values calculated by specific gravity for each sample is the RCV p (Bozkurtoğlu 2003; Bozkurtoğlu et al. 2006) . In phase diagrams of soil and rock, the relationship between dry unit weight (g d ) and specific gravity (g s ) is given by: T r e n c h H e l l e n i c Tav ş a n l ı Z o n e P a m p h y l i a n S u t u r e
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where n is porosity and e is void ratio. Specific gravity is calculated by inserting measured values of dry unit weight, porosity, and void ratio. The analysed specific gravity of rock mass (g s(a) ) is measured with a pycnometer. The estimated specific gravity (g s(c) ) is calculated by using Eqs. (1) or (2). The RCV p is generated from the following conditions:
1. If the analysed specific gravity of rock mass (g s(a) ) is greater than the calculated specific gravity of rock mass (g s(c) ), then: Figure 2 . Location and geology map of the study area (from Özdamar et al. 2012) .
2. If the analysed specific gravity of rock mass (g s(a) ) is less than the calculated specific gravity of rock mass (g s(c) ), then:
Eqs. (3) and (4) introduce a new method for quantifying the degree of weathering and alteration in rock material based on specific gravity. Eq. (4) is derived from Eq. (3) empirically. The resultant RCV p value ranges from 1 to 0, where the RCV p values of fresh rocks are equal to or very close to 1. In intensively weathered and altered rock processes, RCV p values approach 0. The RCR p is also defined with the changes in the entire volume of rocks, as shown in Eq. 5.
In RCR p , the fresh rock volume is 1, and according to the phase diagram of the soil or rock, the RCV p shows the present status of rock in the field. The numerator in Eq. The metarhyolites are classified in 3 groups, namely A, B, and C, which represent their weathering degree from weathered to fresh rocks in terms of their RCV p values. The appearance of the metarhyolites and their representative thin section images are given in Figure 5 , and the RCV p and RCR p values of the 3 main groups and their subgroups in the study area are given in Table 2 .
In Table 2 , the RCV p and RCR p values are taken from 5 samples from each subgroup and the 3 main groups' RCV p and RCR p . Values are the average values of the subgroups for each main group, and these values are very approximate in Figure 5 . The RCV p and RCR p values are given in order from fresh to changed (modified) rock in terms of the average RCV p and RCR p values of the 3 main groups in Table 1 .
The RCV p values show that the rocks in group C are fresh and the following 2 main groups may be classified as group B, which is moderately altered, and group A, which is altered. The relationship between RCV p and RCR p can be described by the following formula, and the correlation coefficient of 0.9999 is given in Figure 6 .
Relationship between RCV p -RCR p and physicomechanical properties
Physical properties not only describe the present conditions of the rocks but are also used as a useful tool for describing engineering properties. The physical properties of the samples studied were analysed based on Turkish Standard TS-699 (Turkish Standards Institution 1982).
The average values of physical properties from the study area are given in Table 3 . Density and porosity are 2 fundamental properties of rocks. Density is influenced primarily by both mineral composition and void space, where increasing void space increases porosity and decreases density. The IAEG Commission (1979) grouped the dry density and porosity of rocks into 5 classes, as shown in Table 4 .
The rocks studied in the Ilgın area have moderate to high dry density with medium to very low porosity. This description shows that the rock weathering has been affected by atmospheric conditions and that clay products fill the void spaces and cracks in the rocks. The relationships between RCR p values and physical properties are polynomial (Figure 7 , Table 5 ).
Eqs. (7) through (11), given in Table 5 , show that rocks in the study area have a specific gravity (γ s ) of 3244.50 kg/ m 3 and a dry unit weight (γ d ) of 3222.30 kg/m 3 when they start to interact with atmospheric conditions (fresh rock) by uplift after metamorphism, in which the RCR p value is equal to 0% and RCV p is equal to 1. These equations also explain that rocks in the study area were in the monolith phase and subsequently cracks developed inside rocks, producing porosity (0.0485%) with a 0.75% RCR p and void ratio (0.00075) with a 0.77% RCR p , and atmospheric water was held (0.0206%) at a RCR p value of 0.79%.
Moreover, after the development of porosity with a RCR p value of 0.75% and a RCV p value of 0.99225 in the area, the specific gravity (γ s ) value of 2766.28 kg/m 3 and dry unit weight (γ d ) value of 2731.42 kg/m 3 imply that the decrease of these values from the monolith phase is 14.74% for specific gravity and 15.23% for dry unit weight (the RCV p changed by only 0.00775). The change of physical conditions shows that the weathering rate was fast with very small RCV p values. These equations (Table 5) explain that the rocks in the study area will change completely at a RCR p value of 9.01%, at which the RCV p , specific gravity (γ s ), dry unit weight (γ d ), water content (w), porosity (n), and void ratio (e) values would be equal to 0.914606, 278.33 kg/m 3 , 142.76 kg/m 3 , 13.25%, 29.75%, and 0.35, respectively. In these conditions, the rocks remain as metarhyolite chemically, but their physico-mechanical properties and mineralogical compositions will continue to change and the metarhyolites will become soil.
Mechanical properties of the rocks in the study area were investigated by point load tests based on those of the International Society for Rock Mechanics (ISRM 1985) . The average values of the point load strength index of each sub-and main sample group in the study area are given in Table 6 .
One of the useful and commonly used strength classifications for rocks is the point load strength index, shown in Table 7 , devised by Franklin & Broch (1972) .
The rocks in the study area vary from medium to extremely high strength according to the observed degree of weathering, which increases from group C to group A. However, the average values are in a very high to extremely high strength class, in which the group C rocks represent fresh samples with a 0.990 RCV p and groups B and A represent the moderate weathering development samples with 0.984 and 0.952 RCV p values, respectively. The relationship between RCR p values versus point load strength index values also exhibits a polynomial relationship, with a correlation coefficient of 0.5667 defined in Eq. (12) and shown in Figure 8 .
According to Eq. (12), rock strength was 27.08 MPa when the rocks were in the monolith phase, and the 60.4 ± 0.9 Ma for group C, 62.6 ± 0.9 Ma for group B, and 64.1 ± 2.00 Ma for group A. The relationships between K-Ar ages and RCV p and RCR p values are given in Figure  9 and Table 8 .
Eqs. (13) through (18), given in Table 8 , make a good approach to full-rock changed age. The calculated results for the estimation of the full lifetime of rock change are given in Table 9 . The remaining rock lifetime can be calculated simply by making a subtraction between current and calculated ages of rocks. These results are given in Table 10 .
The highest correlation coefficient values were gathered for the maximum K-Ar age values versus RCV p and RCR p values (r = 0.94). The evaluations show that the whole-rock change time by weathering, disintegration, and maybe alteration will be complete after 4.58 Ma for highly weathered rocks (group A), 7.18 Ma for moderately weathered rocks (group B), and 9.38 Ma for fresh or weakly weathered rocks (group C), respectively. These values are geometric means of the calculated minimum, average, and maximum age values of each group.
The group A rocks were formed 230 ± 2 Ma ago and group B rocks 229 ± 2 Ma ago (Özdamar 2011) . Metamorphism occurred at 63.73 ± 0.06 Ma in group A rocks and 62.64 ± 0.12 Ma in group C rocks (Özdamar 2011) . The relationships between formation ages (FAs) of Table 7 . Point load strength classification (Franklin & Broch 1972) . Extremely low strength Less than 0.03 Less than 0.5 minimum, average, and maximum values and RCV p and RCR p values are given in Figure 10 and Table 11 . Eqs. (19) through (24), shown in Table 11 , give the zone C rocks a formation age of 228 ± 2 Ma. The results also explain why the rocks of this zone remain fresh.
The relationships between metamorphism ages (MtAs) of minimum, average, and maximum values and RCV p and RCR p values are given in Figure 11 and Table  12 . Eqs. (25) through (30) give the metamorphism age of 62.68 ± 0.11 Ma for group B rocks. This age is close to the metamorphism age of group C and explains the moderate rock-change conditions in group B rocks shown in Figure  5 .
Results and conclusion
The metamorphic sequences in the Ilgın area have rocks of both Palaeozoic and Mesozoic ages. Metavolcanics are subalkaline and range from rhyodacite to rhyolite. These rocks have moderate to high dry density versus medium to very low porosity values, and their strengths change from medium to extremely high values. With these characteristics, the rock weathering in the field can be determined from fresh to moderately changed conditions. In fact, the change of physical conditions of the rocks helps us to understand the high speed of the weathering with very small RCV p values. Additionally, these rocks were divided into 3 groups defined by their weathering conditions with RCV p and RCR p values in order to define the primary physical conditions of the rocks using the relationships between RCR p and physical properties ( Figure 7 , Table 5 ). These equations show that the strength in the monolith-phase rocks was 27.08 MPa, specific gravity (γ s ) was 3244.50 kg/m 3 , and dry unit weight (γ d ) was 3222.30 kg/m 3 , where the RCR p value is equal to 0% and RCV p is equal to 1. After the development of fractures and cracking, the primary porosity, n, became 0.0485%, with a RCR p value of 0.75%. The voids in bulk composition developed with a 0.77% RCR p value where the void ratio is e = 0.00075, and atmospheric water would have been held (w = 0.0206%), for the RCR p is equal to 0.79%. The RCV p and RCR p values also show that rocks in the study area change completely with the 9.01% RCR p value. Dry unit weight will also be smaller than 1.4 Mg/m 3 when the RCR p is less than 8.11%. In this case, the Ilgın area rocks will also remain as rhyolite whereas the physical, mechanical, and mineralogical properties of the rocks will change for the 9.01% RCR p value and the soil structure will have formed. The RCV p value, strength, specific gravity (γ s ), dry unit weight (γ d ), water content (w), porosity (n), and void ratio (e) values will be equal to 0.914606, 0.041 MPa, 278.33 kg/ m 3 , 142.76 kg/m 3 , 13.25%, 29.75%, and 0.35, respectively, for the 9.01% RCR p .
The rock change was compared with the K-Ar age values rather than the formation ages due to the new formation of the rocks after metamorphism, where the weathering from fresh to weathered rock starts again. The full-rock change is related to the alkali ratio of the rocks. In the Ilgın area the alkali ratio of the rocks changes between 8.12% and 9.40% (the average is 8.89%), where the RCR p is 9.01% when the total alteration of all rocks will occur. The correspondence between these results explains that the RCV p and RCR p values are also very useful index values for determining both the initial and current situation of the rock easily. Furthermore, they also give an opportunity to predict the future condition of the rocks. In this study, the rock conditions in the Ilgın area were forecast with the aim of comparing the K-Ar age values versus RCV p and RCR p values. The interpretations show that the timing of full rock alteration in the Ilgın area is between 4.6 and 9.4 Ma.
